Computational Methods
First-principles molecular dynamics method cannot simulate the CMP processes, because it needs huge calculation time. In our present investigation, we employed a novel tight-binding quantum chemical molecular dynamics simulation method "Colors", which is recently developed by our group. This programme provides an option to simulate the CMP processes due to its over 5,000 times faster calculation speed than the conventional first-principles molecular dynamics programme [4] . Amsterdam density functional programme package (ADF 2000.02) was used to determine the accurate parameters, which are necessary for our Colors programme.
Results and Discussion
The calculation of density of states (DOS) was individually calculated for CeO 2 cluster, SiO 2 (100) surface and the Si 3 N 4 (0001) surface. HOMO of SiO 2 (100) surface and LUMO of CeO 2 cluster are very close in energy as shown Table 1 Comparison of HOMO and LUMO energies of CeO 2 cluster, SiO 2 (100) and Si 3 N 4 (0001) . -472 -
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in Also, quantum chemical molecular dynamics simulation was carried out using the model shown in Fig. 1 . For this calculation we used the periodic boundary model and the calculation time is 1000 fs with time interval of 0.2 fs. The temperature of this process was maintained at 300 K. In order to reproduce the actual CMP conditions, the vertical force (to the CeO 2 / SiO 2 interface) of 10 -10 N and the horizontal force of 100 m/s are applied in this simulation process.
The oxidation-reduction reaction due to the bond dissociation and the bond formation on the surface of SiO 2 was investigated using charge and bond population (Figs. 2  and 3) analysis.
During the CMP simulation, the charge of oxygen atom of SiO 2 surface is increasing and also the charge of Ce atom decreases. So it is well understood that electron transfer occurs from the Oxygen of SiO 2 
Conclusions
Chemical mechanical polishing of SiO 2 surface by CeO 2 particles was investigated using our own accelerated quantum chemical molecular dynamics programme. We have successfully clarified the chemical contribution in the CMP processes. We investigated the oxidation-reduction reaction that takes place between the SiO 2 surface and the polishing agent, during the CMP process. We also investigated the formation of a new bond between Si -O CeO2. 
